The production and use of composites based on blends of rubbers and polyolefins, produced by dynamic vulcanisation, is one of the most promising directions in the development of polymer material science. Interest in materials of this kind is due to their high service properties, and also factors of a technological and ecological nature.
The method for producing dynamic thermoplastic elastomers (DTPEs), which consists in combining an elastomer and plastic at the processing temperature of the latter and combining the stages of mixing and vulcanisation, makes it possible to shorten the production cycle, automate production entirely, lower the energy consumption considerably, and solve ecological problems associated with the recycling of rubber goods and their reprocessing. Dynamic vulcanisation produces materials that, during service, possess the properties of vulcanised elastomers but are capable of being processed repeatedly as thermoplastics in melt form.
Dynamic vulcanisation technology was developed for composites of ethylene-propylene rubber (SKEPT) with polypropylene and a vulcanising system containing sulphur and accelerators (ref. 1) . The two polymers with practically identical melt viscosities were mixed in a laboratory internal mixer at increased temperature until the particle size of the SKEPT reached 1-2 µm, and then vulcanising agents were introduced and mixing was continued until the completion of vulcanisation of the elastomer phase. After cooling, elastic materials possessing high strength and breaking elongation values were obtained. Subsequently, these thermoplastics , and so on, have now been produced. This is the most intensely developed area of material science: according to forecasts of the Monsanto company, the consumption of composite materials with the properties of TPEs will increase annually by 15%.
Dynamic thermoplastic elastomers are rapidly forcing out traditional elastomeric materials produced by multistage and labour-intensive technology. Santopren is chiefly intended to replace polychloroprene in the production of hosing and mechanical rubber goods (flexible diaphragms, gaskets, shock absorbers, seals), while another type of DTPE, Geoplast (a dynamically vulcanised blend of butadiene-acrylonitrile rubber, isotactic polypropylene, and additives increasing the interphase interaction) produced by Monsanto in 1984, is intended for use in areas in which nitrile rubbers with high oil resistance are now used.
We have attempted to produce composite materials with the properties of thermoplastic elastomers based on polyisoprene, fluorine-containing rubber, and polypropylene by dynamic vulcanisation. An earlier investigation was made of the properties of rubbers based on blends of polyisoprene rubber of grade SKI-3 and fluorine-containing rubber SKF-32 (ref. 7) , and the promise of using the method of dynamic vulcanisation for the selective vulcanisation of one of the components of the elastomer blend was shown (ref. 8). In the rubbers investigated, the content of fluorine-containing rubber did not exceed 50 wt.%, and polyisoprene was the dispersion phase in which the fluoroelastomer particles were dispersed. The elastomeric materials produced had high physicomechanical properties and cold resistance, but their oil and petrol resistance was low. The introduction of polyisoprene into the composites should lead to an increase in the corrosion resistance of the materials in hydrocarbon media and will make it possible to process them by thermoplastics technology.
The following were used in the work: SKI-3 polyisoprene rubber, GOST 14925-79; fluorine-containing rubbers SKF-32 (a copolymer of vinylidene fluoride and trifluorochloroethylene) and SKF-26 (a copolymer of vinylidene fluoride and hexafluoropropylene), GOST 18376-79; polypropylene of grade 01020 produced by the Plastpolimer Scientific Research Association, and also brominated SKF-26 produced at the All-Russia Scientific Research Institute for Synthetic Rubber (VNIISK). In its synthesis, along with vinylidene fluoride and hexafluoropropylene, use was made of small amounts of bromine-containing monomers CF In selection of the rubber-plastic pair, apart from economic, technological, and ecological aspects, account is also taken of such characteristics as the degree of crystallinity of the thermoplastic, the critical interphase tension of wetting of the polymers, and the molecular weight of the segment of chains between points formed by chain entanglement (ref. 10) . Mechanical rubber-plastic blends in melt form are emulsions of the liquid-liquid type, the stability and degree of dispersion of which are determined by the surface tension in the interphase layer. The lower the interphase tension, the smaller is the size of the drops of the vulcanised rubber in the DTPE. The optimum tensile strength and breaking elongation are possessed by thermoplastic elastomers, in which the rubber and plastic have similar surface energies. In the production of DTPEs, use is normally made of a single elastomer and a single or, more rarely, two plastics. In the present case, the elastomer part consisted of SKI-3 polyisoprene and fluorine-containing rubber, taken in different ratios. This makes it possible, within certain limits, to regulate the surface tension of the elastomer phase and thereby to influence the final properties of the material. The ratio of the polymer components in the blend are given in Table 1 .
DTPEs based on SKI-3, fluorine-containing rubber, and polypropylene were produced in a Brabender PLV-151 plasticorder at temperatures 15-20 K higher than the melting point of the thermoplastic, and with a rotor speed of 60 rpm. The mass produced was processed in an extruder and made into sheets or rod. Carrying out the process in a Brabender plasticorder made it possible to investigate the kinetics of dynamic vulcanisation using the curves of change in the torque on the plasticorder. For structure formation of the elastomer phase, use was made of a peroxide system (peroximone F-40 + triallylisocyanurate) ensuring the covulcanisation of composites SKI-3/ SKF-32 and SKI-3/SKF-26Br (ref. 7) .
The physicomechanical properties of the materials were investigated in accordance with the standard procedures (GOST 270-79), and the resistance in hydrocarbon media was evaluated from the degree of swelling in standard working fluid SZhR-3 over a 24 h period at 100°C (GOST 9.030-79). To obtain information on the structural changes occurring when polypropylene is introduced into elastomer composites, differential scanning calorimetry was used on a Du Pont 1090 thermal analysis system. The properties of the materials obtained are given in Table 1 .
The results of testing composites 1-3 (Table 1 ) confirm the importance of taking into account interphase surface tensions in the rubbers-polypropylene system to create thermoplastic rubbers with a high level of properties.
Experimental evaluation of the surface tension in the polyisoprene/fluorine-containing rubber/polypropylene system is fairly complex, but some idea about this can be obtained on the basis of surface tension values for the individual polymers from the literature (refs. 11 and 12) and interphase tension values at different interfaces, calculated by means of the harmonic mean equation (ref. 13) ( Table 2 ):
The surface tensions for cis-1,4-polyisoprene and polypropylene are fairly similar, and therefore no great difficulties are encountered in producing DTPEs with a high combination of properties on their basis. Such thermoplastic elastomers have been produced, for example, in Russia (ref. 14) . The difference in the surface tensions of SKF-32 and PP is fairly large, and therefore the introduction of a small amount of SKEPT containing microblocks of polypropylene or 5 parts powder fluoroplastic F-4MB into thermoplastic elastomers seems to improve slightly the compatibility in the system and leads to an increase in the breaking elongation and nominal tensile strength of the materials produced (Table 1, phase of polypropylene towards lower temperatures is observed, which may be connected with 'elasticisation' of the polypropylene matrix in the presence of small additions of ethylene-propylene rubber, with good compatibility with PP, and fluoroplastic. Furthermore, on the thermograms, a lowtemperature peak (≈+100°C) that is absent for the initial PP is recorded, normally related to the presence of a well developed boundary layer resulting from the segmental solubility of the thermoplastic and rubber (refs. 10, 14, and 15). The data given in Table 1 make it possible to draw certain conclusions concerning the influence of the fluorine-containing rubber and the ratio of the rubbers in the elastomer phase on the properties of the thermoplastic rubbers investigated. Of the fluoroelastomers examined, of most promise for the production of thermoplastic elastomers by dynamic vulcanisation has to be SKF-26Br containing small amounts of bromine. When it is used, the composites produced are characterised by the optimum combination of strength properties, breaking elongation, and degree of swelling of specimens in SZhR-3 ( Table 1, Thus, thermoplastic materials containing SKF-26Br possess higher service properties by comparison with composites containing other types of fluoroelastomer. This fact seems to be due to features of the chemical structure and morphology of the brominated fluorine-containing rubber by comparison with SKF-32 and SKF-26, and to its better compatibility with polypropylene. Rubbers based on SKI-3/SKF-26Br blends that were studied earlier differed in a high level of properties and a more regular phase structure with a smaller (0.53-2.1 mm) particle size of the dispersed phase compared with rubbers of similar composition containing SKF-32 and SKF-26, and therefore the retention of a high combination of properties of the given composites when a thermoplastic is introduced can be expected.
The important role of the vulcanising system, including peroximone F-40 and peroxide vulcanisation agent triallyl isocyanurate, for the production of high-quality composites must also be pointed out. It is well known (ref. 10 ) that DTPEs with a high degree of vulcanisation of the elastomer phase are characterised by high physicomechanical properties. A copolymer of vinylidene fluoride and trichlorofluoroethylene (SKF-32) is vulcanised fairly well by peroxide systems on account of the content in its structure of chlorine atoms. However, for the structure formation of copolymers of vinylidene fluoride and hexafluoropropylene (SKF-26), this system is ineffective. The reason for this is that the high energy of the C-H bonds and its polarity in polymers of this kind reduces the probability of detachment of the hydrogen atom from the macromolecule (ref. 16 ). Iodinated or brominated fluoroelastomers, in particular the SKF-26Br examined by the present authors, were produced specially for peroxide vulcanisation. Earlier it was shown that a complex peroxide system ensures a high level of crosslinking and similar rates of structure formation of polyisoprene and SKF-26Br of different nature, which should have a favourable effect on the properties of thermoplastic materials based on them. Another advantage of using peroxide crosslinking agents for DTPE production is the high probability of grafting of polypropylene macromolecules to the elastomer chains, which leads to improved interaction in the rubber-polyolefin system (ref. 10) . Taking into account the high level of properties of composites containing 30 parts brominated elastomer, composites with different contents of SKF-26Br in the elastomer part of the material were produced. Figure 2 presents graphic dependences of the main properties of composites containing SKF-26Br on the composition of the elastomer phase with a ratio of rubbers SKI-3/SKF-26Br ranging from 70:30 to 30:70. As the content of the more rigid and oil-and petrolresistant fluoroelastomer, compared with the polyisoprene, is increased in the blend, the elastic properties of the materials produced deteriorate and the oil resistance increases, and the dependences of the nominal tensile strength and breaking elongation of the SKI-3 and fluorine-containing rubber pass through a maximum. An equal ratio of the blended rubbers in the elastomer phase (50:50, or SKI-3/SKF-26Br/PP = 30:30:40), with which the material has a high breaking elongation, an acceptable level of strength, and sufficiently high resistance in hydrocarbon media, must be acknowledged as optimal. Thus, as a result of the investigations carried out, the basic possibility of creating technically valuable materials based on blends of polyisoprene, fluoroelastomer, and polypropylene by dynamic vulcanisation has been shown. Similar materials produced by progressive and practically waste-free technology, capable of repeated processing and with a combination of properties only slightly inferior to those of Geoplast (ref. 10 , p. 49), could be widely used in the production of mechanical rubber goods.
